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Abstract.  

We discuss results of interferometer observations of Type II and Type IV bursts by the radio 

telescope UTR-2 on 29 May 2014. Type IV burst was initiated by coronal mass ejection (CME) 

which moved behind the eastern limb with longitude 110 - 120 . The source of Type IV 

burst was situated at the distance of 30` at both frequencies 20 and 25 MHz and practically 

coincided with location with CME core. But their sizes were different at these frequencies, 

approximately 27` and 35` - 40` at 25 and 20 MHz correspondingly. Type II bursts were 

consisted of sub-bursts for which their sizes and distances were measured. Sub-bursts have sizes 

from 10` to 28` and were situated at distances from 20` to 45`. 

Introduction 

Most papers, which discussed sizes and places of sources of different bursts types at low 

frequencies, were published in 60-80th of the preceding century (Erickson, 1963, Malitson, and 

Erickson, 1966, Gergely, and Kundu, 1974, 1975, Nelson, and Robinson, 1975, Abranin, et al., 

1976,1980, Chen, and Shawhan, 1978, Dulk et al., 1980). At present some papers considered 

interferometer observations of Type III bursts (Morosan et al., 2014; Melnik et al., 2017; Mann 

et al., 2018) and herring-born structures of Type II bursts.  

Type II bursts are rare phenomenon so their sizes and distances were measured rarely. 

According to Nelson and Robinson (1975) Type II sources had sizes mainly from 5’ to 20’ at 

40 MHz and their distances at this frequency were changed from 2Rs to 3.2Rs. Chen and 

Shawhan (1978) obtained 40’ for Type II sizes at 26.4 MHz. Recently Dorovskyy et al. (2018) 

reported sizes and distances of sources of Type II herring-born sub-bursts at frequencies 20-30 

MHz. Average sizes were about 15’ with smallest ones about 10’. Distances were from 1.5 Rs 

to 2Rs (Dorovskyy et al., 2018). 

Interferometer observations of decameter Type IV bursts were not frequent also. Gergely 

and Kundu (1975) observed four Type IV bursts at frequencies 20-60 MHz in 1971 with the 

radio telescope in Clark Lake and obtained their sizes and positions. They remarked that bursts 

appeared at high frequencies firstly and after that their radio emissions were registered at lower 

frequencies. All Type IV sources moved outward the Sun from the distances 1.5-1.9 Rs to 2.5-

3.5 Rs. At some distances this movement was deceased. Sizes at low frequencies were larger 

than those at higher frequencies and were as large as 1.4-1.9 Rs. Chen and Shawhan (1978) 

measured sizes of Type IV sources also and they found that those sizes were not larger than 30’ 

(1.9 Rs) at 26.4 MHz. 

In this paper we consider results of interferometer observations of Type II, and Type IV 

bursts with the UTR-2 radio telescope, which were carried out in observational campaign May-

June 2014. 

 

Observations 

Observations in May-June 2014 campaign were conducted at UTR-2 radio telescope 

(Kharkiv, Ukraine), which worked in an interferometer regime, and at URAN-2 (Poltava, 

Ukraine) radio telescope, which worked in an usual spectrometric regime. As the saying was in 

(Melnik et al., 2017, 2018b) sections of east-west and north-south arms of UTR-2 radio 
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telescope (Fig.1) were used in the interferometer regime of observations. This allowed forming 

interferometer bases 225, 450 and 675 m in the east-west direction and 225, 450, 675, 900, 

1125, and 1350 m in the north-south direction. On 27-30 May only the east-west arm was used.  

The dynamic spectrum of solar radio emission from 8:44 to 11:25 UT on 29 May 2014 is 

shown in Fig.2. We see that there was a group of powerful Type III bursts with maximum fluxes 

of 310 . . .s f u  from 8:45 to 8:55 UT. Polarization of these bursts were not large, only 10%. 

Frequency drift rates of Type III bursts were about 3 MHz/s. These bursts were generated by 

active region NOAA 2079, which was situated behind east limb with the longitude angle  110  

- 120  (Fig.3a). A flare in this region began at 8:42 UT and ended at 9:12 UT 

(http://www.helioviewer.org/). Its maximum was at 8:57 UT. So the group of Type III bursts 

was apparently initiated by this flare. This flare was a cause of CME also, whose mass was 
156.2 10 g  and velocity of 398 km/s. We connect the Type IV burst observed in frequency band 

of 16-60 MHz (Fig.2) with this CME. The maximum duration of Type IV burst was about 2 

hours at 33 MHz. The duration was shorter at lower frequencies. This Type IV burst was weak, 

its maximum flux was about 10 . . .s f u  and polarization was up to 40%.  

Type II bursts (Fig.2) were imposed on the Type IV burst. There were four of them. They 

had different drift rates and frequency bands. Type II burst (1) (Fig.2) was registered in the 

frequency band 17-22 MHz from 9:06 to 9:10 UT. Its drift rate, duration, flux and polarization 

were 60 kHz/s, 40 s, 50 . . .s f u  and 20% correspondingly. Other Type II bursts were weaker with 

fluxes not higher than 10 . . .s f u  Their polarizations were not higher than 10%. Drift rates were 

60, 20 and 20 kHz/s for 2, 3 and 4 Type II bursts (Fig.2) correspondingly. The whole durations 

of these bursts were more than 2 minutes. All four Type II bursts consisted of sub-bursts with 

durations of 2-20 s. 

 
Fig.1. Scheme of the radio telescope UTR-2, which consists of 8 North-South sections and  

          4 West-East sections. 

 

 

 
Fig.2. Dynamic spectrum of solar radio emission from 8:43 to 11:23 UT on 29 May 2014 

according to URAN-2. 
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Type II bursts  

The first burst (1) (Type II burst) was registered from 9:06 to 9:10 UT in the frequency band 

17-22 MHz (Fig.2). We observed it in the interferometer regime at 20 MHz. This burst had fine 

structure as separate clouds. There were four such sub-bursts with durations 4, 3, 6 and 5 s at 

20 MHz. The total duration of Type II burst was 30 s and this is smaller than durations of 

standard decameter Type II bursts at this frequency (Melnik, et al., 2005). Fluxes of sub-bursts 

were not high - 17 . . .s f u ,108 . . .s f u , 38 . . .s f u  and 19 . . .s f u  Polarizations of these bursts were not 

high also, about 1-3%. As a whole Type II burst had frequency drift rate approximately 60 

kHz/s. Sizes were following 10`, 20`, 27` and 24` and they were at distances 25`, 28`, 28` 

and 30` correspondingly. This time the front of CME was situated at this distance too. So we 

conclude that the burst (1) was generated by the shock ahead of CME.  

Next Type II burst (burst 2) (Fig.2) observed from 9:10 to 9:13 UT at 25 MHz. This burst 

consisted of three sub-bursts with fluxes of 1.3 . . .s f u , 1.9 . . .s f u , 3.9 . . .s f u  Polarizations of sub-

bursts were practically zero. Frequency drift rate of this Type II burst the same as for burst 1, 

about 60 MHz/s. According to interferometer observations sizes of sub-bursts were 15`, 13` 

and 15`. Distances for all sub-bursts were the same and equaled 35`( 2.2 SR ).  

At times 9:19 - 9:21 and 9:21 - 9:26 UT there were two Type II bursts (3 and 4 bursts) at 25 

MHz (Fig.2). At the first period of time different separate sub-bursts had fluxes up to 10 . . .s f u  

Sizes of all sub-bursts were in the range 13`-18` and they were at 30` (1.9 SR ) from the center 

of the Sun. At the second interval (9:21 - 9:26 UT) fluxes of sub-bursts were 10 30 . . .s f u  They 

were a little larger, with sizes up to 20` and they placed at distances about 40`- 45` ( 2.5 2.8 SR 

). Approximately, at this distance at 9:21 - 9:26 UT the CME nose is situated. Thus, we conclude 

that burst (4) was generated by nose shock and 3 burst was generated by flank shock. As a 

whole both bursts (3) and (4) drifted with drift rate of 20 kHz/s. 

 

Type IV burst 

Type IV burst was observed from 9:10 to 10:50 UT at 33 MHz. Profiles of flux and 

polarization are shown in the Fig.3. Its maximum flux is about 10 . . .s f u  and maximum 

polarization is 40%.We see that flux maximum achieved at about 9:40 UT and polarization 

maximum was at 10:15 UT, more than half hour latter. Type II bursts were against Type IV 

burst and we cannot recognize drift of Type IV front. But we can say definitely that Type IV 

burst continued from 9:18 to 10:25 UT and from 9:19 to 9:25 UT at 25 and 20 MHz 

correspondingly. Fig.4 shows sizes and places of Type IV burst at 20 and 25 MHz 

 

 
Fig.3. Flux (solid line) and polarization (dotted line) of Type IV burst at 32.8 MHz 

     according to URAN-2 radio telescope. 

 

according to our interferometer observations. We see that centers of Type IV radio emission at 

both frequencies were situated at the same distances, about 30`, and only at the end of burst at 

25 MHz the center of radio emission became closer to the Sun (Fig.4a). Type IV size at 25 MHz 
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was about 27` and it decreased to 20` to the end of the burst. At frequency of 20 MHz, the size 

was about 37` all time of its existence. Sizes of Type IV burst at 20 and 25 MHz against CME 

at 9:48 UT are shown in Figure 5. We see that at this time Type IV source coincides with CME 

on position and size. Later the source of Type IV burst does not move, but CME continues to 

move with velocity of about 400km/s and we conclude that this Type IV burst is a stationary 

one. 

 

a) b)  

 

Fig.4. Positions (a) and sizes (b) of Type IV source at 20 and 25 MHz. 

 

 

Fig.5. CME at 9:48 UT and source of Type 

IV burst at frequency of 20 and 25 MHz 

      this time. 

Discussion 

All discussed Type II bursts have fine structure in the form of sub-bursts that is standard 

phenomenon for decameter Type II bursts (Melnik et al. 2005). Sub-bursts sizes change from 

10` to 30`. Their positions show that they were governed by flank shock. Their brightness 

temperatures 710 K - 910 K  are close to those of Type III bursts (Melnik et al., 2017). Supposing 

that frequency drift rate is described by equation ( / / 2 /df dt f dn ndr v   ) we find that 

velocity is higher than CME velocity and correspondingly shock velocity. In our opinion this 

high velocity is velocity of shock region, which generates radio emission registered by radio 

telescope but it is not the same shock region. Such situation was already marked in the paper 

(Dorovskyy et al., 2018) and can present some sort of arc eye effect. As a whole Type II burst 

had drift rate about 60 kHz/s that give linear velocity about 2000 km/s in Newkirk model 

[Newkirk, 1961]. This radio emission escaped the distance of 1.9 SR . The region, which is 

responsible for Type IV radio emission against CME, is shown in the Fig.5. We see that the 

CME core can be source of this radio emission. But if in the case of moving Type IV bursts this 

core moves, in our case the CME core does not move and it situated at the distance of 30`. So 

we can conclude that this is a stationary Type IV burst. Centers of radio emission at both 

frequencies 20 and 25 MHz are the same. At the same time sizes at these frequencies are 

different, 27` and 37` at 25 and 20 MHz correspondingly. We can conclude that moving CME 

after time 11:00 UT is shock which was initiated by CME core at first stage of movement. The 

CME core had energy enough to reach the distance 30` and after that core stopped. Such 

behavior was marked also by Gergely, and Kundu (1974). Kundu and Gergely observed 
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movement of CME to distances 3.5 Rs and after that movement deceased. Our Type IV burst 

began to go out at first at low frequencies and latter at higher frequencies. Size to the end of the 

radio emission at 25 MHz decreased to 20` and its brightness temperature at this frequency was 
73.2 10 K . At the beginning the brightness temperatures of Type IV burst were 73.5 10 K  and 
71.8 10 K  at 25 and 20 MHz correspondingly. The range of radio emission frequency of Type 

IV burst is not very high, only from 18 to 45 MHz. If we suppose that mechanism of radio 

emission is plasma one (Melnik et al., 2018) and radio emission is fundamental then we can 

consider that the highest frequency, 45 MHz, escapes the center of CME core and the lowest 

frequency, 19 MHz, is radiated at periphery of the core. It means that densities in the center and 

at the periphery are 7 32.5 10cn cm   and 6 3

19 4.9 10n cm   correspondingly. From the 

equation ( ) exp( )cn r n r   (Melnik et al., 2018) we derive that   1.45 / R   having in mind 

that at 20 18'R   core density is equaled to 6 3

20 4.9 10n cm   and at the radius 25 13'R   the 

core density is 6 3

25 7.7 10n cm  and in the center of the core density is 7 32.5 10cn cm   (it 

corresponds to plasma frequency of 47 MHz). The mass of the CME core is 162.9 10 g . This 

value is higher than the mass from the SOHO catalogue 

(https://cdaw.gsfc.nasa.gov/CME_list/). If we suppose that radio emission was generated at the 

second harmonic then mass of the CME core equals 156 10 g  which is closed to 

(https://cdaw.gsfc.nasa.gov/CME_list/). So we conclude that in this case the radio emission of 

the CME core occurred at the second harmonic. 
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